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1. CITY OF CONCORD TRAFFIC SIGNAL SPECIAL PROVISIONS
1.1. DESCRIPTION
Conform to these City of Concord Traffic Signal Special Provisions (reference date July 1, 2018

for signals and March 10, 2011 for downtown mast arms), the NCDOT Project Special Provisions,
Project Plans, and the 2018 Standard Specifications for Roads and Structures (also referred to
hereinafter as the “Standard Specifications”). The current edition of these specifications and
publications in effect on the date of advertisement will apply.

In the event of a conflict between these City of Concord Traffic Signal Special Provisions, the
NCDOT Project Special Provisions, and the Standard Specifications; these City of Concord Traffic
Signal Special Provisions shall govern followed by the NCDOT Project Special Provisions next.

1.2. GENERAL REQUIREMENTS
A. Prior Approval of Contractors and Sub-Contractors

All Contractors and Sub-Contractors MUST be approved by the City prior to the performance of
any work. Any work or hardware provided by any company, group or individual that has not been so
approved shall not be accepted by the City of Concord. Failure to comply with this requirement shall
not limit the impact on liquidated damages, fees, or additional losses on part of the installation
contractor. The City has final decision on this matter.

1.3. MATERIALS

A. Traffic Signal Equipment
Traffic signal equipment, hardware, or associated appendages shall be new upon initial

installation. Written verification shall be required on all hardware as directed by the City. This shall
include but is not limited to shipping records, verification of sales, and written authentication from
the manufacturer or distributor. Any equipment, hardware, or associated appendages deemed to not
be new shall be changed immediately at the expense of the installation contractor. This shall not
limit the impact of liquidated damages, fines, or fees. The City of Concord shall have final decision
concerning equipment acceptance.

B. Traffic Signal System Communications Requirements
The City of Concord Central System utilizes Ethernet/IP communication for the traffic signal

controller, conflict monitor, video detection, and traffic surveillance cameras. All hardware
submitted for acceptance shall function properly with the system requirements.

C. Delivery of Hardware
All Traffic signal equipment or hardware shall be delivered new from the manufacturer directly

to:
ATTN: Andrei Dumitru

City of Concord
Transportation: Signal Division

850 Warren C Coleman Blvd.
Concord, NC 28025
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Traffic Signal cabinets shall be ordered “loaded” and include but not limited to:

· 18 load switches
· 7 flash transfer relays
· 2 flashers
· Power supply
· Conflict Monitor - EDI 2018ECL-NC (ip)

Any remaining parts shall remain with the City of Concord.
Hardware Delivery List shall include but is not limited to:

· Cabinets
· Controllers
· Conflict Monitors
· Detection Cards
· Video detection equipment: cameras, interface panels, cards, and wiring harness
· Communication equipment: Enclosures, panels, jumpers, modems, network switches,

shelves, etc.

D. System Compatibility
For compatibility with existing equipment and systems already deployed in Concord, furnish

equipment of the following makes and models or approved equivalent.
Cabinet:

· NCDOT QPL Restrictions apply
· Type 170 332A with Auxiliary File

o without Red Monitor Board
o North Carolina Specification

· 18 load switches
· 7 flash transfer relays
· 2 flashers

Controller:

· NCDOT QPL Restrictions apply
· ATC Controller, Safetran by Econolite or Intelight Type CONT2070LX2009TEES-

PSP2018 Controller, Type 2070LX 2009 TEES Shall be supplied with the following
configuration: 1C Host Card 2070-1C Rev. D2/D3*,1C Engine

· Board 2070-1C Rev. G1, Linux Kernel 3.14

Software:

· ASC-3 LX Software: version 32.65.40 or newer

Conflict Monitor:

· EDI 2018ECL-NC(ip): Ethernet Monitor Only

Base Extenders:

· 12” to 18” as per NCDOT QPL
· Required unless directed by the City
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Video Detection:

· Econolite AutoScope Vision, Or
· Gridsmart GS2 system

Loop Detection Card:

· EDI 222 or Reno 222 cards only

Emergency Vehicle Preemption (if required)

· Opticom 700 series

Communication equipment:

· NCDOT QPL Restrictions apply to all rack mounted enclosure, panel, splice trays

Rack Shelf:

· Contractor shall supply a 6” to 7” rack mount shelf mounted on the back door 19-inch
rack in line with the bottom of Controller for storage of the Ethernet Switch

Network Switch:

· Cisco Industrial Ethernet (IE) 4000 Series Industrially Hardened Managed Switch with (8)
10/100/1000Base-TX & (4) 100/1000Base-FX Ports

· Shall be delivered with 3 x SFP transceivers, type: SFP-LX 1000FX, 1310 nm, 10 km,
LC, 2 Fiber, MSA Compliant, Cisco Compatible, Supports DDI

Fiber Optic Jumper Cable:

· Two – single-mode, 2 meter, duplex, ST-LC APC

Ethernet Jumper Cables:

· One 3’ manufactured RJ45 Cat5e cable (for controller connection)
· One 6’ manufactured RJ45 Cat5e cable (for IP conflict monitor connection)

1.4. CONSTRUCTION METHODS

A. Bench make ready or Burn in Process:
Upon delivery of all traffic signal equipment, the City of Concord shall perform all required

bench setup of hardware. This will include the 24 hour burn in process, controller programming, and
conflict monitor setup. The City will deliver all hardware to the jobsite.

B. Construction and Inspection:
The City of Concord shall provide onsite inspection of all construction and installation.

The Contractor shall provide a 24 hour notice any work being performed.
1.5. MEASUREMENT AND PAYMENT
There will be no direct payment for work covered in this section. Payment at the contract unit

prices for the various items in the contract will be full compensation for all work covered by this
section.
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2. 2018 STANDARD SPECIFICATIONS FOR ROADS & STRUCTURES

The 2018 Standard Specifications are revised as follows:

2.1. GENERAL REQUIREMENTS – Construction Methods (1700-3(K))
Page 17-4, revise sentence starting on line 14 to read “Modify existing electrical services, as
necessary, to meet the grounding requirements of the NEC, these Standard Specifications, Standard
Drawings, and the project plans.”
Page 17-4, revise sentence beginning on line 21 to read “Furnish and install additional ground rods
to grounding electrode system as necessary to meet the Standard Specifications, Standard Drawings,
and test requirements.”

2.2. WOOD POLES – Construction Methods (1720-3)
Page 17-18, revise sentence starting on line 13 to read “On new Department-owned poles, install a
grounding system consisting of #6 AWG solid bare copper wire that is mechanically crimped using
an irreversible compression tool with die to a single ground rod installed at base of pole or to the
electrical service grounding electrode system located within 10 feet of the pole.”

3. SIGNAL HEADS

3.1. MATERIALS
A. General:

Fabricate vehicle signal head housings and end caps from die-cast aluminum. Fabricate 12-inch
and 16-inch pedestrian signal head housings and end caps from die-cast aluminum. Fabricate 9-inch
pedestrian signal head housings, end caps, and visors from virgin polycarbonate material. Provide
visor mounting screws, door latches, and hinge pins fabricated from stainless steel. Provide interior
screws, fasteners, and metal parts fabricated from stainless steel.

Fabricate tunnel and traditional visors from sheet aluminum.
Paint all surfaces inside and outside of signal housings and doors. Paint outside surfaces of

tunnel and traditional visors, wire outlet bodies, wire entrance fitting brackets and end caps when
supplied as components of messenger cable mounting assemblies, pole and pedestal mounting
assemblies, and pedestrian pushbutton housings. Have electrostatically-applied, fused-polyester
paint in highway yellow (Federal Standard 595C, Color Chip Number 13538) a minimum of 2.5 to
3.5 mils thick. Do not apply paint to the latching hardware, rigid vehicle signal head mounting
brackets for mast-arm attachments, messenger cable hanger components or balance adjuster
components.

Have the interior surfaces of tunnel and traditional visors painted an alkyd urea black synthetic
baking enamel with a minimum gloss reflectance and meeting the requirements of MIL-E-10169,
“Enamel Heat Resisting, Instrument Black.”

Where required, provide polycarbonate signal heads and visors that comply with the provisions
pertaining to the aluminum signal heads listed on the QPL with the following exceptions:

Fabricate signal head housings, end caps, and visors from virgin polycarbonate material. Provide
UV stabilized polycarbonate plastic with a minimum thickness of 0.1 ± 0.01 inches that is
highway yellow (Federal Standard 595C, Color Chip 13538).  Ensure the color is incorporated
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into the plastic material before molding the signal head housings and end caps. Ensure the plastic
formulation provides the following physical properties in the assembly (tests may be performed
on separately molded specimens):

Test Required Method
Specific Gravity 1.17 minimum ASTM D 792
Flammability Self-extinguishing ASTM D 635
Tensile Strength, yield, PSI 8500 minimum ASTM D 638
Izod impact strength, ft-lb/in [notched, 1/8 inch] 12 minimum ASTM D 256

For pole mounting, provide side of pole mounting assemblies with framework and all other
hardware necessary to make complete, watertight connections of the signal heads to the poles and
pedestals. Fabricate the mounting assemblies and frames from aluminum with all necessary
hardware, screws, washers, etc. to be stainless steel. Provide mounting fittings that match the
positive locking device on the signal head with the serrations integrally cast into the brackets.
Provide upper and lower pole plates that have a 1 ¼-inch vertical conduit entrance hubs with the
hubs capped on the lower plate and 1 ½-inch horizontal hubs. Ensure that the assemblies provide
rigid attachments to poles and pedestals so as to allow no twisting or swaying of the signal heads.
Ensure that all raceways are free of sharp edges and protrusions, and can accommodate a minimum
of ten Number 14 AWG conductors.

For pedestal mounting, provide a post-top slipfitter mounting assembly that matches the positive
locking device on the signal head with serrations integrally cast into the slipfitter. Provide stainless
steel hardware, screws, washers, etc. Provide a minimum of six 3/8 X 3/4-inch long square head
bolts for attachment to pedestal. Provide a center post for multi-way slipfitters.

For light emitting diode (LED) traffic signal modules, provide the following requirements for
inclusion on the Department’s Qualified Products List for traffic signal equipment.

1. Sample submittal,
2. Third-party independent laboratory testing results for each submitted module with evidence of

testing and conformance with all of the Design Qualification Testing specified in section 6.4
of each of the following Institute of Transportation Engineers (ITE) specifications:

· Vehicle Traffic Control Signal Heads – Light Emitting Diode (LED) Circular Signal
Supplement

· Vehicle Traffic Control Signal Heads – Light Emitting Diode (LED) Vehicle Arrow
Traffic Signal Supplement

· Pedestrian Traffic Control Signal Indications –Light Emitting Diode (LED) Signal
Modules.

(Note: The Department currently recognizes two approved independent testing laboratories.
They are Intertek ETL Semko and Light Metrics, Incorporated with Garwood Laboratories.
Independent laboratory tests from other laboratories may be considered as part of the QPL
submittal at the discretion of the Department,

3. Evidence of conformance with the requirements of these specifications,

4. A manufacturer’s warranty statement in accordance with the required warranty, and
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5. Submittal of manufacturer’s design and production documentation for the model, including
but not limited to, electrical schematics, electronic component values, proprietary part
numbers, bill of materials, and production electrical and photometric test parameters.

6. Evidence of approval of the product to bear the Intertek ETL Verified product label for LED
traffic signal modules.

In addition to meeting the performance requirements for the minimum period of 60 months,
provide a written warranty against defects in materials and workmanship for the modules for a
period of 60 months after installation of the modules. During the warranty period, the manufacturer
must provide new replacement modules within 45 days of receipt of modules that have failed at no
cost to the State.  Repaired or refurbished modules may not be used to fulfill the manufacturer’s
warranty obligations.  Provide manufacturer’s warranty documentation to the Department during
evaluation of product for inclusion on Qualified Products List (QPL).

B. Vehicle Signal Heads:
Comply with the ITE standard “Vehicle Traffic Control Signal Heads”. Provide housings with

provisions for attaching backplates.
Provide visors that are 8 inches in length for 8-inch vehicle signal head sections. Provide visors

that are 10 inches in length for 12-inch vehicle signal heads.
Provide a termination block with one empty terminal for field wiring for each indication plus one

empty terminal for the neutral conductor. Have all signal sections wired to the termination block.
Provide barriers between the terminals that have terminal screws with a minimum Number 8 thread
size and that will accommodate and secure spade lugs sized for a Number 10 terminal screw.

Mount termination blocks in the yellow signal head sections on all in-line vehicle signal heads.
Mount the termination block in the red section on five-section vehicle signal heads.

Furnish vehicle signal head interconnecting brackets. Provide one-piece aluminum brackets less
than 4.5 inches in height and with no threaded pipe connections. Provide hand holes on the bottom
of the brackets to aid in installing wires to the signal heads. Lower brackets that carry no wires and
are used only for connecting the bottom signal sections together may be flat in construction.

For messenger cable mounting, provide messenger cable hangers, wire outlet bodies, balance
adjusters, bottom caps, wire entrance fitting brackets, and all other hardware necessary to make
complete, watertight connections of the vehicle signal heads to the messenger cable.  Fabricate
messenger cable hanger components, wire outlet bodies and balance adjuster components from
stainless steel or malleable iron galvanized in accordance with ASTM A153 (Class A) or ASTM
A123.  Provide serrated rings made of aluminum.  Provide messenger cable hangers with U-bolt
clamps. Fabricate washers, screws, hex-head bolts and associated nuts, clevis pins, cotter pins, U-
bolt clamps and nuts from stainless steel.

For mast-arm mounting, provide rigid vehicle signal head mounting brackets and all other
hardware necessary to make complete, watertight connections of the vehicle signal heads to the mast
arms and to provide a means for vertically adjusting the vehicle signal heads to proper alignment.
Fabricate the mounting assemblies from aluminum, and provide serrated rings made of aluminum.
Provide stainless steel cable attachment assemblies to secure the brackets to the mast arms.  Ensure
all fastening hardware and fasteners are fabricated from stainless steel.
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Provide LED vehicular traffic signal modules (hereafter referred to as modules) that consist of an
assembly that uses LEDs as the light source in lieu of an incandescent lamp for use in traffic signal
sections. Use LEDs that are aluminum indium gallium phosphorus (AlInGaP) technology for red and
yellow indications and indium gallium nitride (InGaN) for green indications. Install the ultra bright
type LEDs that are rated for 100,000 hours of continuous operation from -40°F to +165°F. Design
modules to have a minimum useful life of 60 months and to meet all parameters of this specification
during this period of useful life.

For the modules, provide spade terminals crimped to the lead wires and sized for a #10 screw
connection to the existing terminal block in a standard signal head. Do not provide other types of
crimped terminals with a spade adapter.

Ensure the power supply is integral to the module assembly. On the back of the module,
permanently mark the date of manufacture (month & year) or some other method of identifying date
of manufacture.

Tint the red, yellow and green lenses to correspond with the wavelength (chromaticity) of the
LED. Transparent tinting films are unacceptable.  Provide a lens that is integral to the unit with a
smooth outer surface.

1. LED Circular Signal Modules:
Provide modules in the following configurations: 12-inch circular sections, and 8-inch circular

sections. All makes and models of LED modules purchased for use on the State Highway System
shall appear on the current NCDOT Traffic Signal Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2018 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Vehicle Traffic Control Signal Heads – Light Emitting
Diode (LED) Circular Signal Supplement” dated June 27, 2005 (hereafter referred to as VTCSH
Circular Supplement) and other requirements stated in this specification.

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Circular Supplement:

Module Type Max. Wattage at 165°  F Nominal Wattage at 77°  F

12-inch red circular 17 11

8-inch red circular 13 8

12-inch green circular 15 15

8-inch green circular 12 12

For yellow circular signal modules, provide modules tested under the procedures outlined in the
VTCSH Circular Supplement to insure power required at 77° F is 22 Watts or less for the 12-inch
circular module and 13 Watts or less for the 8-inch circular module.

Note: Use a wattmeter having an accuracy of ±1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module.  Power may also be derived from voltage,
current and power factor measurements.
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2. LED Arrow Signal Modules
Provide 12-inch omnidirectional arrow signal modules.  All makes and models of LED modules

purchased for use on the State Highway System shall appear on the current NCDOT Traffic Signal
Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2018 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the requirements for 12-inch omnidirectional modules specified in the
ITE “Vehicle Traffic Control Signal Heads – Light Emitting Diode (LED) Vehicle Arrow Traffic
Signal Supplement” dated July 1, 2007 (hereafter referred to as VTCSH Arrow Supplement) and
other requirements stated in this specification.

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Arrow Supplement:

Module Type Max. Wattage at 165°  F Nominal Wattage at 77°  F

12-inch red arrow 12 9

12-inch green arrow 11 11

For yellow arrow signal modules, provide modules tested under the procedures outlined in the
VTCSH Arrow Supplement to insure power required at 77° F is 12 Watts or less.

Note: Use a wattmeter having an accuracy of ±1% to measure the nominal wattage and
maximum wattage of an arrow traffic signal module.  Power may also be derived from voltage,
current and power factor measurements.

3. LED U-Turn Arrow Signal Modules:
Provide modules in the following configurations: 12-inch left u-turn arrow signal modules and

12-inch right u-turn arrow signal modules.
Modules are not required to be listed on the ITS and Signals Qualified Products List.  Provide

manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Vehicle Traffic Control Signal Heads – Light Emitting
Diode (LED) Circular Signal Supplement” dated June 27, 2005 (hereafter referred to as VTCSH
Circular Supplement) and other requirements stated in this specification.

Provide modules that have minimum maintained luminous intensity values that are not less than
16% of the values calculated using the method described in section 4.1 of the VTCSH Circular
Supplement.

Provide modules that meet the following requirements when tested under the procedures outlined
in the VTCSH Circular Supplement:

Module Type Max. Wattage at 165°  F Nominal Wattage at 77°  F
12-inch red u-turn arrow 17 11

12-inch green u-turn arrow 15 15

For yellow u-turn arrow signal modules, provide modules tested under the procedures outlined in
the VTCSH Circular Supplement to ensure power required at 77° F is 22 Watts or less.
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Note: Use a wattmeter having an accuracy of ±1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module.  Power may also be derived from voltage,
current and power factor measurements.
C. Pedestrian Signal Heads:

Provide pedestrian signal heads with international symbols that meet the MUTCD. Do not
provide letter indications.

Comply with the ITE standard for “Pedestrian Traffic Control Signal Indications” and the
following sections of the ITE standard for “Vehicle Traffic Control Signal Heads” in effect on the
date of advertisement:

· Section 3.00 - “Physical and Mechanical Requirements”

· Section 4.01 - “Housing, Door, and Visor: General”

· Section 4.04 - “Housing, Door, and Visor: Materials and Fabrication”

· Section 7.00 - “Exterior Finish”
Provide a double-row termination block with three empty terminals and number 10 screws for

field wiring. Provide barriers between the terminals that accommodate a spade lug sized for number
10 terminal screws. Mount the termination block in the hand section. Wire all signal sections to the
terminal block.

Where required by the plans, provide 16-inch pedestrian signal heads with traditional three-
sided, rectangular visors, 6 inches long. Where required by the plans, provide 12-inch pedestrian
signal heads with traditional three-sided, rectangular visors, 8 inches long.

Provide 2-inch diameter pedestrian push-buttons with weather-tight housings fabricated from
die-cast aluminum and threading in compliance with the NEC for rigid metal conduit. Provide a
weep hole in the housing bottom and ensure that the unit is vandal resistant.

Provide push-button housings that are suitable for mounting on flat or curved surfaces and that
will accept 1/2-inch conduit installed in the top. Provide units that have a heavy duty push-button
assembly with a sturdy, momentary, normally-open switch. Have contacts that are electrically
insulated from the housing and push-button. Ensure that the push-buttons are rated for a minimum of
5 mA at 24 volts DC and 250 mA at 12 volts AC.

Provide standard R10-3 signs with mounting hardware that comply with the MUTCD in effect
on the date of advertisement. Provide R10-3E signs for countdown pedestrian heads and R10-3B for
non-countdown pedestrian heads.

Design the LED pedestrian traffic signal modules (hereafter referred to as modules) for
installation into standard pedestrian traffic signal sections that do not contain the incandescent signal
section reflector, lens, eggcrate visor, gasket, or socket.  Provide modules that consist of an assembly
that uses LEDs as the light source in lieu of an incandescent lamp.  Use LEDs that are of the latest
aluminum indium gallium phosphorus (AlInGaP) technology for the Portland Orange hand and
countdown displays. Use LEDs that are of the latest indium gallium nitride (InGaN) technology for
the Lunar White walking man displays. Install the ultra-bright type LEDs that are rated for 100,000
hours of continuous operation from -40°F to +165°F.  Design modules to have a minimum useful life
of 60 months and to meet all parameters of this specification during this period of useful life.
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Design all modules to operate using a standard 3 - wire field installation.  Provide spade
terminals crimped to the lead wires and sized for a #10 screw connection to the existing terminal
block in a standard pedestrian signal housing. Do not provide other types of crimped terminals with
a spade adapter.

Ensure the power supply is integral to the module assembly.  On the back of the module,
permanently mark the date of manufacture (month & year) or some other method of identifying date
of manufacture.

Provide modules in the following configuration: 16-inch displays which have the solid
hand/walking man overlay on the left and the countdown on the right, and 12-inch displays which
have the solid hand/walking man module as an overlay.  All makes and models of LED modules
purchased for use on the State Highway System shall appear on the current NCDOT Traffic Signal
Qualified Products List (QPL).

Provide the manufacturer’s model number and the product number (assigned by the Department)
for each module that appears on the 2018 or most recent Qualified Products List. In addition, provide
manufacturer’s certification in accordance with Article 106-3 of the Standard Specifications, that
each module meets or exceeds the ITE “Pedestrian Traffic Control Signal Indicators - Light Emitting
Diode (LED) Signal Modules” dated August 04, 2010 (hereafter referred to as PTCSI Pedestrian
Standard) and other requirements stated in this specification.

Provide modules that meet the following requirements when tested under the procedures outlined
in the PTCSI Pedestrian Standard:

Module Type Max. Wattage at 165°  F Nominal Wattage at 77°  F

Hand Indication 16 13

Walking Man Indication 12 9

Countdown Indication 16 13

Note: Use a wattmeter having an accuracy of ±1% to measure the nominal wattage and
maximum wattage of a circular traffic signal module.  Power may also be derived from voltage,
current and power factor measurements.

Provide module lens that is hard coated or otherwise made to comply with the material exposure
and weathering effects requirements of the Society of Automotive Engineers (SAE) J576.  Ensure all
exposed components of the module are suitable for prolonged exposure to the environment, without
appreciable degradation that would interfere with function or appearance.

Ensure the countdown display continuously monitors the traffic controller to automatically learn
the pedestrian phase time and update for subsequent changes to the pedestrian phase time.

Ensure the countdown display begins normal operation upon the completion of the preemption
sequence and no more than one pedestrian clearance cycle.

D. Signal Cable:
Furnish 16-4 and 16-7 signal cable that complies with IMSA specification 20-1 except provide

the following conductor insulation colors:

· For 16-4 cable: white, yellow, red, and green
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· For 16-7 cable: white, yellow, red, green, yellow with black stripe tracer, red with black
stripe tracer, and green with black stripe tracer. Apply continuous stripe tracer on conductor
insulation with a longitudinal or spiral pattern.

Provide a ripcord to allow the cable jacket to be opened without using a cutter. IMSA
specification 19-1 will not be acceptable. Provide a cable jacket labeled with the IMSA specification
number and provide conductors constructed of stranded copper.

4. CONTROLLERS WITH CABINETS

4.1.MATERIALS – GENERAL CABINETS
Provide a moisture resistant coating on all circuit boards.
Provide one 20 mm diameter radial lead UL-recognized metal oxide varistor (MOV) between

each load switch field terminal and equipment ground.  Electrical performance is outlined below.

PROPERTIES OF MOV SURGE PROTECTOR

Maximum Continuous Applied Voltage at
185°  F

150 VAC (RMS)

200 VDC

Maximum Peak 8x20µs Current at 185°  F 6500 A

Maximum Energy Rating at 185°  F 80 J

Voltage Range 1 mA DC Test at 77°  F 212-268 V

Max. Clamping Voltage 8x20µs, 100A at
77°  F 395 V

Typical Capacitance (1 MHz) at 77°  F 1600 pF

Provide a power line surge protector that is a two-stage device that will allow connection of the
radio frequency interference filter between the stages of the device. Ensure that a maximum
continuous current is at least 10A at 120V. Ensure that the device can withstand a minimum of 20
peak surge current occurrences at 20,000A for an 8x20 microsecond waveform. Provide a maximum
clamp voltage of 395V at 20,000A with a nominal series inductance of 200mh. Ensure that the
voltage does not exceed 395V. Provide devices that comply with the following:
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Frequency (Hz) Minimum Insertion Loss
(dB)

                                 60   0

                          10,000 30

                          50,000 55

                        100,000 50

                        500,000 50

                     2,000,000 60

                     5,000,000 40

                   10,000,000 20

                   20,000,000 25

4.2. MATERIALS – TYPE 170E CABINETS
A. Type 170 E Cabinets General:

Conform to the city of Los Angeles’ Specification No. 54-053-08, Traffic Signal Cabinet
Assembly Specification (dated July 2008), except as required herein.

Furnish model 336S pole mounted cabinets configured for 8 vehicle phases, 4 pedestrian phases,
and 6 overlaps.  Do not reassign load switches to accommodate overlaps unless shown on electrical
details. Provide 336S pole mounted cabinets that are 46” high with 40” high internal rack
assemblies.

Furnish model 332 base mounted cabinets configured for 8 vehicle phases, 4 pedestrian phases,
and 6 overlaps. When overlaps are required, provide auxiliary output files for the overlaps. Do not
reassign load switches to accommodate overlaps unless shown on electrical details.

Provide model 200 load switches, model 222 loop detector sensors, model 252 AC isolators, and
model 242 DC isolators according to the electrical details.  As a minimum, provide one (1) model
2018 conflict monitor, one (1) model 206L power supply unit, two (2) model 204 flashers, one (1)
DC isolator (located in slot I14),  and four (4) model 430 flash transfer relays (provide seven (7)
model 430 flash transfer relays if auxiliary output file is installed) with each cabinet.

B. Type 170 E Cabinet Electrical Requirements:
Provide a cabinet assembly designed to ensure that upon leaving any cabinet switch or conflict

monitor initiated flashing operation, the controller starts up in the programmed start up phases and
start up interval.

Furnish two sets of non-fading cabinet wiring diagrams and schematics in a paper envelope or
container and placed in the cabinet drawer.

All AC+ power is subject to radio frequency signal suppression.
Provide surge suppression in the cabinet for each type of cabinet device. Provide surge

protection for the full capacity of the cabinet input file. Provide surge suppression devices that
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operate properly over a temperature range of -40º F to +185º F.  Ensure the surge suppression
devices provide both common and differential modes of protection.

Provide a pluggable power line surge protector that is installed on the back of the PDA (power
distribution assembly) chassis to filter and absorb power line noise and switching transients.  Ensure
the device incorporates LEDs for failure indication and provides a dry relay contact closure for the
purpose of remote sensing. Ensure the device meets the following specifications:

Peak Surge Current (Single pulse, 8x20µs)……..20,000A

Occurrences (8x20µs waveform)………………..10 minimum @ 20,000A
Maximum Clamp Voltage……………………….395VAC

Operating Current………………………………..15 amps
Response Time…………………………………..< 5 nanoseconds

Provide a loop surge suppressor for each set of loop terminals in the cabinet.  Ensure the device
meets the following specifications:

Peak Surge Current (6 times, 8x20µs)
(Differential Mode)………………………….400A

(Common Mode)……………………………1,000A
Occurrences (8x20µs waveform)………………..500 min @ 200A

Maximum Clamp Voltage
(Differential Mode @400A)…………………35V

(Common Mode @1,000A)………………….35V
Response Time…………………………………..< 5 nanoseconds

Maximum Capacitance…………………………..35 pF

Provide a data communications surge suppressor for each communications line entering or
leaving the cabinet.  Ensure the device meets the following specifications:

Peak Surge Current (Single pulse, 8x20µs)……..10,000A

Occurrences (8x20µs waveform)………………..100 min @ 2,000A
Maximum Clamp Voltage……………………….Rated for equipment protected

Response Time…………………………………..< 1 nanosecond
Maximum Capacitance………………………….1,500 pF

Maximum Series Resistance…………………….15W
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Provide a DC signal surge suppressor for each DC input channel in the cabinet.  Ensure the
device meets the following specifications:

Peak Surge Current (Single pulse, 8x20µs)……..10,000A
Occurrences (8x20µs waveform)………………..100 @ 2,000A

Maximum Clamp Voltage……………………….30V
Response Time…………………………………..< 1 nanosecond

Provide a 120 VAC signal surge suppressor for each AC+ interconnect signal input.  Ensure the
device meets the following specifications:

Peak Surge Current (Single pulse, 8x20µs)……..20,000A
Maximum Clamp Voltage………………………350VAC

Response Time…………………………………..< 200 nanoseconds
Discharge Voltage ………………………………<200 Volts @ 1,000A

Insulation Resistance……………………………≥100 MΩ

Provide conductors for surge protection wiring that are of sufficient size (ampacity) to withstand
maximum overcurrents which could occur before protective device thresholds are attained and
current flow is interrupted.

If additional surge protected power outlets are needed to accommodate fiber transceivers,
modems, etc., install a UL listed, industrial, heavy-duty type power outlet strip with a minimum
rating of 15 A / 125 VAC, 60 Hz. Provide a strip that has a minimum of 3 grounded outlets. Ensure
the power outlet strip plugs into one of the controller unit receptacles located on the rear of the PDA.
Ensure power outlet strip is mounted securely; provide strain relief if necessary.

Provide a door switch in the front and a door switch in the rear of the cabinet that will provide
the controller unit with a Door Ajar alarm when either the front or the rear door is open.  Ensure the
door switches apply DC ground to the Input File when either the front door or the rear door is open.
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Furnish a fluorescent fixture in the rear across the top of the cabinet and another fluorescent
fixture in the front across the top of the cabinet at a minimum. Ensure that the fixtures provide
sufficient light to illuminate all terminals, labels, switches, and devices in the cabinet. Conveniently
locate the fixtures so as not to interfere with a technician’s ability to perform work on any devices or
terminals in the cabinet. Provide a protective diffuser to cover exposed bulbs. Install 16 watt T-4
lamps in the fluorescent fixtures. Provide a door switch to provide power to each fixture when the
respective door is open. Wire the fluorescent fixtures to the 15 amp ECB (equipment circuit
breaker).

Furnish a police panel with a police panel door. For model 336S cabinets, mount the police panel
on the rear door.  Ensure that the police panel door permits access to the police panel when the main
door is closed. Ensure that no rainwater can enter the cabinet even with the police panel door open.
Provide a police panel door hinged on the right side as viewed from the front. Provide a police panel
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door lock that is keyed to a standard police/fire call box key. In addition to the requirements of LA
Specification No. 54-053-08, provide the police panel with a toggle switch connected to switch the
intersection operation between normal stop-and-go operation (AUTO) and manual operation
(MANUAL). Ensure that manual control can be implemented using inputs and software such that the
controller provides full programmed clearance times for the yellow clearance and red clearance for
each phase while under manual control.

Provide a 1/4-inch locking phone jack in the police panel for a hand control to manually control
the intersection. Provide sufficient room in the police panel for storage of a hand control and cord.

Ensure the 336S cabinet Input File is wired as follows:

336S Cabinet

Port-Bit/C-1 Pin Assignment

Slot # 1 2 3 4 5 6 7 8 9 10 11 12 13 14

C-1
(Spares) 59 60 61 62 63 64 65 66 75 76 77 78 79 80

Port

C-1

3-2

56

1-1

39

3-4

58

1-3

41

3-1

55

1-2

40

3-3

57

1-4

42

2-5

51

5-5

71

5-6

72

5-1

67

5-2

68

6-7

81

Port
C-1

2-1
47

1-5
43

2-3
49

1-7
45

2-2
48

1-6
44

2-4
50

1-8
46

2-6
52

5-7
73

5-8
74

5-3
69

5-4
70

6-8
82

For model 332 base mounted cabinets, ensure terminals J14-E and J14-K are wired together on
the rear of the Input File. Connect TB9-12 (J14 Common) on the Input Panel to T1-2 (AC-) on the
rear of the PDA.

Provide detector test switches mounted at the top of the cabinet rack or other convenient location
which may be used to place a call on each of eight phases based on the chart below. Provide three
positions for each switch: On (place call), Off (normal detector operation), and Momentary On
(place momentary call and return to normal detector operation after switch is released). Ensure that
the switches are located such that the technician can read the controller display and observe the
intersection.

Connect detector test switches for cabinets as follows:
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336S Cabinet 332 Cabinet

Detector Call Switches Terminals Detector Call Switches Terminals

Phase 1 I1-F Phase 1 I1-W

Phase 2 I2-F Phase 2 I4-W

Phase 3 I3-F Phase 3 I5-W

Phase 4 I4-F Phase 4 I8-W

Phase 5 I5-F Phase 5 J1-W

Phase 6 I6-F Phase 6 J4-W

Phase 7 I7-F Phase 7 J5-W

Phase 8 I8-F Phase 8 J8-W

Provide the PCB 28/56 connector for the conflict monitor unit (CMU) with 28 independent
contacts per side, dual-sided with 0.156 inch contact centers.  Provide the PCB 28/56 connector
contacts with solder eyelet terminations.   Ensure all connections to the PCB 28/56 connector are
soldered to the solder eyelet terminations.

Ensure that all cabinets have the CMU connector wired according to the 332 cabinet connector
pin assignments (include all wires for auxiliary output file connection).  Wire pins 13, 16, R, and U
of the CMU connector to a separate 4 pin plug, P1, as shown below.  Provide a second plug, P2,
which will mate with P1 and is wired to the auxiliary output file as shown below.  Provide an
additional plug, P3, which will mate with P1 and is wired to the pedestrian yellow circuits as shown
below.  When no auxiliary output file is installed in the cabinet, provide wires for the green and
yellow inputs for channels 11, 12, 17, and 18, the red inputs for channels 17 and 18, and the wires
for the P2 plug.  Terminate the two-foot wires with ring type lugs, insulated, and bundled for
optional use.

P1 P2 P3

PIN FUNCTION CONN TO FUNCTION CONN TO FUNCTION CONN TO

1 CH-9G CMU-13 OLA-GRN A123 2P-YEL 114

2 CH-9Y CMU-16 OLA-YEL A122 4P-YEL 105

3 CH-10G CMU-R OLB-GRN A126 6P-YEL 120

4 CH-10Y CMU-U OLB-YEL A125 8P-YEL 111

Do not provide the P20 terminal assembly (red monitor board) or red interface ribbon cable as
specified in LA Specification No. 54-053-08.

Provide a P20 connector that mates with and is compatible with the red interface connector
mounted on the front of the conflict monitor.  Ensure that the P20 connector and the red interface
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connector on the conflict monitor are center polarized to ensure proper connection.  Ensure that
removal of the P20 connector will cause the conflict monitor to recognize a latching fault condition
and place the cabinet into flashing operation.

Wire the P20 connector to the output file and auxiliary output file using 22 AWG stranded wires.
Ensure the length of these wires is a minimum of 42 inches in length.  Provide a durable braided
sleeve around the wires to organize and protect the wires.

Wire the P20 connector to the traffic signal red displays to provide inputs to the conflict monitor
as shown below.  Ensure the pedestrian Don’t Walk circuits are wired to channels 13 through 16 of
the P20 connector.  When no auxiliary output file is installed in the cabinet, provide wires for
channels 9 through 12 reds.   Provide a wire for special function 1. Terminate the unused wires with
ring type lugs, insulated, and bundled for optional use.

Ensure the controller unit outputs to the auxiliary output file are pre-wired to the C5 connector.
When no auxiliary output file is installed in the cabinet, connect the C5 connector to a storage socket
located on the Input Panel or on the rear of the PDA.

Do not wire pin 12 of the load switch sockets.
In addition to the requirements of LA Specification No. 54-053-08, ensure relay K1 on the

Power Distribution Assembly (PDA) is a four pole relay and K2 on the PDA is a two pole relay.
Provide a two pole, ganged circuit breaker for the flash bus circuit.  Ensure the flash bus circuit

breaker is an inverse time circuit breaker rated for 10 amps at 120 VAC with a minimum of 10,000
RMS symmetrical amperes short circuit current rating.  Do not provide the auxiliary switch feature
on the flash bus circuit breaker.  Ensure the ganged flash bus circuit breaker is certified by the circuit
breaker manufacturer to provide gang tripping operation.

P20 Connector
PIN FUNCTION CONN TO PIN FUNCTION CONN TO

1 Channel 15 Red 119 2 Channel 16 Red 110
3 Channel 14 Red 104 4 Chassis GND 01-9
5 Channel 13 Red 113 6 N/C
7 Channel 12 Red AUX 101 8 Spec Function 1
9 Channel 10 Red AUX 124 10 Channel 11 Red AUX 114
11 Channel 9 Red AUX 121 12 Channel 8 Red 107
13 Channel 7 Red 122 14 Channel 6 Red 134
15 Channel 5 Red 131 16 Channel 4 Red 101
17 Channel 3 Red 116 18 Channel 2 Red 128
19 Channel 1 Red 125 20 Red Enable 01-14



City of Concord TS-21 Cabarrus County

Version 18.2 21 print date: 02/24/20

Ensure auxiliary output files are wired as follows:

AUXILIARY OUTPUT FILE

TERMINAL BLOCK TA ASSIGNMENTS

POSITION FUNCTION

1 Flasher Unit #1, Circuit 1/FTR1 (OLA, OLB)/FTR3
(OLE)

2 Flasher Unit #1, Circuit 2/FTR2 (OLC, OLD)/FTR3
(OLF)

3 Flash Transfer Relay Coils

4 AC -
5 Power Circuit 5

6 Power Circuit 5
7 Equipment Ground Bus

8 NC

Provide four spare load resistors mounted in each cabinet.   Ensure each load resistor is rated as
shown in the table below.   Wire one side of each load resistor to AC-.  Connect the other side of
each resistor to a separate terminal on a four (4) position terminal block.  Mount the load resistors
and terminal block either inside the back of Output File No. 1 or on the upper area of the Service
Panel.
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ACCEPTABLE LOAD RESISTOR
VALUES

VALUE (ohms) WATTAGE

1.5K – 1.9 K 25W (min)

2.0K – 3.0K 10W (min)

Provide Model 200 load switches, Model 204 flashers, Model 242 DC isolators, Model 252 AC
isolators, and Model 206L power supply units that conform to CALTRANS’ “Transportation
Electrical Equipment Specifications” dated March 12, 2009 with Erratum 1.

C. Type 170 E Cabinet Physical Requirements:
Do not mold, cast, or scribe the name “City of Los Angeles” on the outside of the cabinet door as

specified in LA Specification No. 54-053-08.  Do not provide a Communications Terminal Panel as
specified in LA Specification No. 54-053-08.  Do not provide terminal block TBB on the Service
Panel.  Do not provide Cabinet Verification Test Program software or associated test jigs as
specified in LA Specification No. 54-053-08.

Furnish unpainted, natural, aluminum cabinet shells. Ensure that all non-aluminum hardware on
the cabinet is stainless steel or a Department approved non-corrosive alternate.

Ensure the lifting eyes, gasket channels, police panel, and all supports welded to the enclosure
and doors are fabricated from 0.125 inch minimum thickness aluminum sheet and meet the same
standards as the cabinet and doors.

Provide front and rear doors with latching handles that allow padlocking in the closed position.
Furnish 0.75 inch minimum diameter stainless steel handles with a minimum 0.5 inch shank. Place
the padlocking attachment at 4.0 inches from the handle shank center to clear the lock and key.
Provide an additional 4.0 inches minimum gripping length.

Provide Corbin #2 locks on the front and rear doors. Provide one (1) Corbin #2 and one (1)
police master key with each cabinet. Ensure main door locks allow removal of keys in the locked
position only.

Provide a surge protection panel with 16 loop surge protection devices and designed to allow
sufficient free space for wire connection/disconnection and surge protection device replacement. For
model 332 cabinets, provide an additional 20 loop surge protection devices. Provide an additional
two AC+ interconnect surge devices to protect one slot and eight DC surge protection devices to
protect four slots. Provide no protection devices on slot I14.

For pole mounted cabinets, mount surge protection devices for the AC+ interconnect inputs,
inductive loop detector inputs, and low voltage DC inputs on a swing down panel assembly
fabricated from sturdy aluminum. Attach the swing down panel to the bottom rear cabinet rack
assembly using thumb screws. Ensure the swing down panel allows for easy removal of the input file
without removing the surge protection panel assembly or its parts. Have the surge protection devices
mounted horizontally on the panel and soldered to the feed through terminals of four 14 position
terminal blocks with #8 screws mounted on the other side. Ensure the top row of terminals is
connected to the upper slots and the bottom row of terminals is connected to the bottom slots.
Provide a 15 position copper equipment ground bus attached to the field terminal side (outside) of
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the swing down panel for termination of loop lead-in shield grounds. Ensure that a Number 4 AWG
green wire connects the surge protection panel assembly ground bus to the main cabinet equipment
ground.

For base mounted cabinets, mount surge protection panels on the left side of the cabinet as viewed
from the rear. Attach each panel to the cabinet rack assembly using bolts and make it easily
removable. Mount the surge protection devices in vertical rows on each panel and connect the
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devices to one side of 12 position, double row terminal blocks with #8 screws. For each surge
protection panel, terminate all grounds from the surge protection devices on a copper equipment
ground bus attached to the surge protection panel. Wire the terminals to the rear of a standard input
file using spade lugs for input file protection.

Provide permanent labels that indicate the slot and the pins connected to each terminal that may
be viewed from the rear cabinet door. Label and orient terminals so that each pair of inputs is next to
each other. Indicate on the labeling the input file (I or J), the slot number (1-14) and the terminal
pins of the input slots (either D & E for upper or J & K for lower).

 Provide a minimum 14 x 16 inch pull out, hinged top shelf located immediately below controller
mounting section of the cabinet. Ensure the shelf is designed to fully expose the table surface outside
the controller at a height approximately even with the bottom of the controller. Ensure the shelf has a
storage bin interior which is a minimum of 1 inch deep and approximately the same dimensions as
the shelf. Provide an access to the storage area by lifting the hinged top of the shelf. Fabricate the
shelf and slide from aluminum or stainless steel and ensure the assembly can support the 2070L
controller plus 15 pounds of additional weight. Ensure shelf has a locking mechanism to secure it in
the fully extended position and does not inhibit the removal of the 2070L controller or removal of
cards inside the controller when fully extended. Provide a locking mechanism that is easily released
when the shelf is to be returned to its non-use position directly under the controller.

D. Model 2018 Enhanced Conflict Monitor:
Furnish Model 2018 Enhanced Conflict Monitors that provide monitoring of 18 channels.

Ensure each channel consists of a green, yellow, and red field signal input.  Ensure that the conflict
monitor meets or exceeds CALTRANS’ Transportation Electrical Equipment Specifications dated
March 12, 2009, with Erratum 1 (hereafter referred to as CALTRANS’ 2009 TEES) for a model 210
monitor unit and other requirements stated in this specification.

Ensure the conflict monitor is provided with an 18 channel conflict programming card.  Pin EE
and Pin T of the conflict programming card shall be connected together.  Pin 16 of the conflict
programming card shall be floating.  Ensure that the absence of the conflict programming card will
cause the conflict monitor to trigger (enter into fault mode), and remain in the triggered state until
the programming card is properly inserted and the conflict monitor is reset.
      Provide a conflict monitor that incorporates LED indicators into the front panel to dynamically
display the status of the monitor under normal conditions and to provide a comprehensive review of
field inputs with monitor status under fault conditions.  Ensure that the monitor indicates the
channels that were active during a conflict condition and the channels that experienced a failure for
all other per channel fault conditions detected.  Ensure that these indications and the status of each
channel are retained until the Conflict Monitor is reset.  Furnish LED indicators for the following:

· AC Power (Green LED indicator)

· VDC Failed (Red LED indicator)

· WDT Error (Red LED indicator)

· Conflict (Red LED indicator)

· Red Fail (Red LED indicator)

· Dual Indication (Red LED indicator)
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· Yellow/Clearance Failure (Red LED indicator)

· PCA/PC Ajar (Red LED indicator)

· Monitor Fail/Diagnostic Failure (Red LED indicator)

· 54 Channel Status Indicators (1 Red, 1 Yellow, and 1 Green LED indicator for each of the 18
channels)

Provide a switch to set the Red Fail fault timing.   Ensure that when the switch is in the ON
position the Red Fail fault timing value is set to 1350 +/- 150 ms (2018 mode).  Ensure that when the
switch is in the OFF position the Red Fail fault timing value is set to 850 +/- 150 ms (210 mode).

Provide a switch to set the Watchdog fault timing.   Ensure that when the switch is in the ON
position the Watchdog fault timing value is set to 1.0 +/- 0.1 s (2018 mode).  Ensure that when the
switch is in the OFF position the Watchdog fault timing value is set to 1.5 +/- 0.1 s (210 mode).

Provide a jumper or switch to set the AC line brown-out levels.   Ensure that when the jumper is
present or the switch is in the ON position the AC line dropout voltage threshold is 98 +/- 2 Vrms,
the AC line restore voltage threshold is 103 +/- 2 Vrms, and the AC line brown-out timing value is
set to 400  +/- 50ms (2018 mode).  Ensure that when the jumper is not present or the switch is in the
OFF position the AC line dropout voltage threshold is 92 +/- 2 Vrms, the AC line restore voltage
threshold is 98 +/- 2 Vrms, and the AC line brown-out timing value is set to 80 +/- 17 ms (210
mode).

Provide a jumper or switch that will enable and disable the Watchdog Latch function.  Ensure
that when the jumper is not present or the switch is in the OFF position the Watchdog Latch function
is disabled.  In this mode of operation, a Watchdog fault will be reset following a power loss,
brownout, or power interruption.  Ensure that when the jumper is present or the switch is in the ON
position the Watchdog Latch function is enabled.  In this mode of operation, a Watchdog fault will
be retained until a Reset command is issued.

Provide a jumper that will reverse the active polarity for pin #EE (output relay common).  Ensure
that when the jumper is not present pin #EE (output relay common) will be considered ‘Active’ at a
voltage greater than 70 Vrms and ‘Not Active’ at a voltage less than 50 Vrms (Caltrans mode).
Ensure that when the jumper is present pin #EE (output relay common) will be considered ‘Active’
at a voltage less than 50 Vrms and ‘Not Active’ at a voltage greater than 70 Vrms (Failsafe mode).

In addition to the connectors required by CALTRANS’ 2009 TEES, provide the conflict monitor
with a red interface connector mounted on the front of the monitor.  Ensure the connector is a 20 pin,
right angle, center polarized, male connector with latching clip locks and polarizing keys.  Ensure
the right angle solder tails are designed for a 0.062” thick printed circuit board.  Keying of the
connector shall be between pins 3 and 5, and between 17 and 19.  Ensure the connector has two rows
of pins with the odd numbered pins on one row and the even pins on the other row.  Ensure the
connector pin row spacing is 0.10” and pitch is 0.10”.  Ensure the mating length of the connector
pins is 0.24”.  Ensure the pins are finished with gold plating 30µ” thick.
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Ensure the red interface connector pins on the monitor have the following functions:

Pin # Function Pin # Function

 1 Channel 15 Red  2 Channel 16 Red

 3 Channel 14 Red  4 Chassis Ground
 5 Channel 13 Red  6 Special Function 2

 7 Channel 12 Red  8 Special Function 1
 9 Channel 10 Red 10 Channel 11 Red

11 Channel 9 Red 12 Channel 8 Red
13 Channel 7 Red 14 Channel 6 Red

15 Channel 5 Red 16 Channel 4 Red
17 Channel 3 Red 18 Channel 2 Red

19 Channel 1 Red 20 Red Enable

Ensure that removal of the P20 cable connector will cause the conflict monitor to recognize a
latching fault condition and place the cabinet into flashing operation.
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Provide Special Function 1 and Special Function 2 inputs to the unit which shall disable only Red
Fail Monitoring when either input is sensed active. A Special Function input shall be sensed active
when the input voltage exceeds 70 Vrms with a minimum duration of 550 ms. A Special Function
input shall be sensed not active when the input voltage is less than 50 Vrms or the duration is less
than 250 ms. A Special Function input is undefined by these specifications and may or may not be
sensed active when the input voltage is between 50 Vrms and 70 Vrms or the duration is between 250
ms and 550 ms.

Ensure the conflict monitor recognizes field signal inputs for each channel that meet the following
requirements:

· consider a Red input greater than 70 Vrms and with a duration of at least 500 ms as an “on”
condition;

· consider a Red input less than 50 Vrms or with a duration of less than 200 ms as an “off”
condition (no valid signal);

· consider a Red input between 50 Vrms and 70 Vrms or with a duration between 200 ms and
500 ms to be undefined by these specifications;

· consider a Green or Yellow input greater than 25 Vrms and with a duration of at least 500 ms
as an “on” condition;

· consider a Green or Yellow input less than 15 Vrms or with a duration of less than 200 ms as
an “off” condition; and

· consider a Green or Yellow input between 15 Vrms and 25 Vrms or with a duration between
200 ms and 500 ms to be undefined by these specifications.

Provide a conflict monitor that recognizes the faults specified by CALTRANS’ 2009 TEES and
the following additional faults. Ensure the conflict monitor will trigger upon detection of a fault and
will remain in the triggered (in fault mode) state until the unit is reset at the front panel or through
the external remote reset input for the following failures:

1. Red Monitoring or Absence of Any Indication (Red Failure): A condition in which no
“on” voltage signal is detected on any of the green, yellow, or red inputs to a given monitor
channel. If a signal is not detected on at least one input (R, Y, or G) of a conflict monitor
channel for a period greater than 1000 ms when used with a 170 controller and 1500 ms
when used with a 2070 controller, ensure monitor will trigger and put the intersection into
flash. If the absence of any indication condition lasts less than 700 ms when used with a 170
controller and 1200 ms when used with a 2070 controller, ensure conflict monitor will not
trigger. Red fail monitoring shall be enabled on a per channel basis by the use of switches
located on the conflict monitor.  Have red monitoring occur when all of the following input
conditions are in effect:

a) Red Enable input to monitor is active (Red Enable voltages are “on” at greater than 70
Vrms, off at less than 50 Vrms, undefined between 50 and 70 Vrms), and

b) Neither Special Function 1 nor Special Function 2 inputs are active.
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c) Pin #EE (output relay common) is not active
2. Short/Missing Yellow Indication Fault (Clearance Error): Yellow indication following a

green is missing or shorter than 2.7 seconds (with ± 0.1-second accuracy). If a channel fails
to detect an “on” signal at the Yellow input for a minimum of 2.7 seconds (± 0.1 second)
following the detection of an “on” signal at a Green input for that channel, ensure that the
monitor triggers and generates a clearance/short yellow error fault indication.  Short/missing
yellow (clearance) monitoring shall be enabled on a per channel basis by the use of switches
located on the conflict monitor.  This fault shall not occur when the channel is programmed
for Yellow Inhibit, when the Red Enable signal is inactive or pin #EE (output relay common)
is active.

3. Dual Indications on the Same Channel: In this condition, more than one indication
(R,Y,G) is detected as “on” at the same time on the same channel. If dual indications are
detected for a period greater than 500 ms, ensure that the conflict monitor triggers and
displays the proper failure indication (Dual Ind fault). If this condition is detected for less
than 200 ms, ensure that the monitor does not trigger.  G-Y-R dual indication monitoring
shall be enabled on a per channel basis by the use of switches located on the conflict monitor.
G-Y dual indication monitoring shall be enabled for all channels by use of a switch located
on the conflict monitor. This fault shall not occur when the Red Enable signal is inactive or
pin #EE (output relay common) is active.

4. Configuration Settings Change: The configuration settings are comprised of (as a
minimum) the permissive diode matrix, dual indication switches, yellow disable jumpers, any
option switches, any option jumpers, and the Watchdog Enable switch.  Ensure the conflict
monitor compares the current configuration settings with the previous stored configuration
settings on power-up, on reset, and periodically during operation.  If any of the configuration
settings are changed, ensure that the conflict monitor triggers and causes the program card
indicator to flash.  Ensure that configuration change faults are only reset by depressing and
holding the front panel reset button for a minimum of three seconds.  Ensure the external
remote reset input does not reset configuration change faults.

Ensure the conflict monitor will trigger and the AC Power indicator will flash at a rate of 2 Hz ±
20% with a 50% duty cycle when the AC Line voltage falls below the “drop-out” level.  Ensure the
conflict monitor will resume normal operation when the AC Line voltage returns above the “restore”
level.  Ensure the AC Power indicator will remain illuminated when the AC voltage returns above
the “restore” level.  Should an AC Line power interruption occur while the monitor is in the fault
mode, then upon restoration of AC Line power, the monitor will remain in the fault mode and the
correct fault and channel indicators will be displayed.

Provide a flash interval of at least 6 seconds and at most 10 seconds in duration following a
power-up, an AC Line interruption, or a brownout restore.  Ensure the conflict monitor will suspend
all fault monitoring functions, close the Output relay contacts, and flash the AC indicator at a rate of
4 Hz ± 20% with a 50% duty cycle during this interval.  Ensure the termination of the flash interval
after at least 6 seconds if the Watchdog input has made 5 transitions between the True and False
state and the AC Line voltage is greater than the “restore” level.  If the watchdog input has not made
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5 transitions between the True and False state within 10 ± 0.5 seconds, the monitor shall enter a
WDT error fault condition.

Ensure the conflict monitor will monitor an intersection with a minimum of four approaches using
the four-section Flashing Yellow Arrow (FYA) vehicle traffic signal as outlined by the NCHRP 3-54
research project for protected-permissive left turn signal displays.  Ensure the conflict monitor will
operate in the FYA mode and FYAc (Compact) mode as specified below to monitor each channel
pair for the following fault conditions: Conflict, Flash Rate Detection, Red Fail, Dual Indication, and
Clearance.  Provide a switch to select between the FYA mode and FYAc mode.  Provide a switch to
select each FYA phase movement for monitoring.

FYA mode

FYA Signal
Head Phase 1 Phase 3 Phase 5 Phase 7

Red Arrow Channel 9 Red Channel 10 Red Channel 11 Red Channel 12 Red

Yellow
Arrow

Channel 9
Yellow

Channel 10
Yellow

Channel 11
Yellow

Channel 12
Yellow

Flashing
Yellow
Arrow

Channel 9
Green

Channel 10
Green

Channel 11
Green

Channel 12
Green

Green
Arrow

Channel 1
Green Channel 3 Green Channel 5 Green Channel 7 Green

FYAc mode

FYA Signal
Head Phase 1 Phase 3 Phase 5 Phase 7

Red Arrow Channel 1 Red Channel 3 Red Channel 5 Red Channel 7 Red

Yellow
Arrow

Channel 1
Yellow

Channel 3
Yellow

Channel 5
Yellow

Channel 7
Yellow

Flashing
Yellow
Arrow

Channel 1
Green Channel 3 Green Channel 5 Green Channel 7 Green

Green
Arrow

Channel 9
Green

Channel 9
Yellow

Channel 10
Green

Channel 10
Yellow
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If a FYA channel pair is enabled for FYA operation, the conflict monitor will monitor the FYA
logical channel pair for the additional following conditions:

1. Conflict: Channel conflicts are detected based on the permissive programming jumpers on
the program card.  This operation remains unchanged from normal operation except for the
solid Yellow arrow (FYA clearance) signal.

2. Yellow Change Interval Conflict: During the Yellow change interval of the Permissive
Turn channel (flashing Yellow arrow) the conflict monitor shall verify that no conflicting
channels to the solid Yellow arrow channel (clearance) are active.  These conflicting
channels shall be determined by the program card compatibility programming of the
Permissive Turn channel (flashing Yellow arrow). During the Yellow change interval of the
Protected Turn channel (solid Green arrow) the conflict monitor shall verify that no
conflicting channels to the solid Yellow arrow channel (clearance) are active as determined
by the program card compatibility programming of the Protected Turn channel (solid Green
arrow).

3. Flash Rate Detection: The conflict monitor unit shall monitor for the absence of a valid
flash rate for the Permissive turn channel (flashing Yellow arrow).   If the Permissive turn
channel (flashing Yellow arrow) is active for a period greater than 1600 milliseconds, ensure
the conflict monitor triggers and puts the intersection into flash. If the Permissive turn
channel (flashing Yellow arrow) is active for a period less than 1400 milliseconds, ensure the
conflict monitor does not trigger.  Ensure the conflict monitor will remain in the triggered (in
fault mode) state until the unit is reset at the front panel or through the external remote reset
input. Provide a jumper or switch that will enable and disable the Flash Rate Detection
function.  Ensure that when the jumper is not present or the switch is in the OFF position the
Flash Rate Detection function is enabled.  Ensure that when the jumper is present or the
switch is in the ON position the Flash Rate Detection function is disabled.

4. Red Monitoring or Absence of Any Indication (Red Failure): The conflict monitor unit
shall detect a red failure if there is an absence of voltage on all four of the inputs of a FYA
channel pair (RA, YA, FYA, GA).

5. Dual Indications on the Same Channel: The conflict monitor unit shall detect a dual
indication if two or more inputs of a FYA channel pair (RA, YA, FYA, GA) are “on” at the
same time.

6. Short/Missing Yellow Indication Fault (Clearance Error): The conflict monitor unit shall
monitor the solid Yellow arrow for a clearance fault when terminating both the Protected
Turn channel (solid Green arrow) interval and the Permissive Turn channel (flashing Yellow
arrow) interval.

Ensure that the conflict monitor will log at least nine of the most recent events detected by the
monitor in non-volatile EEPROM memory (or equivalent).  For each event, record at a minimum the
time, date, type of event, status of each field signal indication with RMS voltage, and specific
channels involved with the event.  Ensure the conflict monitor will log the following events: monitor
reset, configuration, previous fault, and AC line.  Furnish the signal sequence log that shows all
channel states (Greens, Yellows, and Reds) and the Red Enable State for a minimum of 2 seconds
prior to the current fault trigger point.  Ensure the display resolution of the inputs for the signal
sequence log is not greater than 50 ms.
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For conflict monitors used within an Ethernet communications system, provide a conflict
monitor with an Ethernet 10/100 Mbps, RJ-45 port for data communication access to the monitor by
a local notebook computer and remotely via a workstation or notebook computer device connected
to the signal system local area network.  The Ethernet port shall be electrically isolated from the
conflict monitor’s electronics and shall provide a minimum of 1500 Vrms isolation.  Integrate
monitor with Ethernet network in cabinet.  Provide software to retrieve the time and date from a
network server in order to synchronize the on-board times between the conflict monitor and the
controller.  Furnish and install the following Windows based, graphic user interface software on
workstations and notebook computers where the signal system client software is installed: 1)
software to view and retrieve all event log information, 2) software that will search and display a list
of conflict monitor IP addresses and IDs on the network, and 3) software to change the conflict
monitor’s network parameters such as IP address and subnet mask.

For non-Ethernet connected monitors, provide a RS-232C/D compliant port (DB-9 female
connector) on the front panel of the conflict monitor in order to provide communications from the
conflict monitor to the 170/2070 controller or to a Department-furnished laptop computer.
Electrically isolate the port interface electronics from all monitor electronics, excluding Chassis
Ground.  Ensure that the controller can receive all event log information through a controller
Asynchronous Communications Interface Adapter (Type 170E) or Async Serial Comm Module
(2070).  Furnish and connect a serial cable from the conflict monitor’s DB-9 connector to Comm
Port 1 of the 2070 controller.  Ensure conflict monitor communicates with the controller.  Provide a
Windows based graphic user interface software to communicate directly through the same monitor
RS-232C/D compliant port to retrieve and view all event log information to a Department-furnished
laptop computer.  The RS-232C/D compliant port on the monitor shall allow the monitor to function
as a DCE device with pin connections as follows:

Conflict Monitor RS-232C/D (DB-9 Female) Pinout

Pin Number Function I/O

1 DCD O

2 TX Data O

3 RX Data I

4 DTR I

5 Ground -

6 DSR O

7 CTS I

8 RTS O

9 NC -
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MONITOR BOARD EDGE CONNECTOR

Pin # Function (Back Side) Pin # Function (Component
Side)

1 Channel 2 Green A Channel 2 Yellow
2 Channel 13 Green B Channel 6 Green
3 Channel 6 Yellow C Channel 15 Green
4 Channel 4 Green D Channel 4 Yellow
5 Channel 14 Green E Channel 8 Green
6 Channel 8 Yellow F Channel 16 Green
7 Channel 5 Green H Channel 5 Yellow
8 Channel 13 Yellow J Channel 1 Green
9 Channel 1 Yellow K Channel 15 Yellow

10 Channel 7 Green L Channel 7 Yellow
11 Channel 14 Yellow M Channel 3 Green
12 Channel 3 Yellow N Channel 16 Yellow
13 Channel 9 Green P Channel 17 Yellow
14 Channel 17 Green R Channel 10 Green
15 Channel 11 Yellow S Channel 11 Green
16 Channel 9 Yellow T Channel 18 Yellow
17 Channel 18 Green U Channel 10 Yellow
-- --
18 Channel 12 Yellow V Channel 12 Green
19 Channel 17 Red W Channel 18 Red
20 Chassis Ground X Not Assigned
21 AC- Y DC Common
22 Watchdog Timer Z External Test Reset
23 +24VDC AA +24VDC
24 Tied to Pin 25 BB Stop Time (Output)
25 Tied to Pin 24 CC Not Assigned
26 Not Assigned DD Not Assigned
27 Relay Output, Side #3, N.O. EE Relay Output,Side

#2,Common
28 Relay Output, Side #1, N.C. FF AC+

                --  Slotted for keying between Pins 17/U and 18/V
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CONFLICT PROGRAM CARD PIN ASSIGNMENTS

Pin # Function (Back Side) Pin # Function (Component
Side)

1 Channel 2 Green A Channel 1 Green
2 Channel 3 Green B Channel 2 Green
3 Channel 4 Green C Channel 3 Green
4 Channel 5 Green D Channel 4 Green
5 Channel 6 Green E Channel 5 Green
6 Channel 7 Green F Channel 6 Green
7 Channel 8 Green H Channel 7 Green
8 Channel 9 Green J Channel 8 Green
9 Channel 10 Green K Channel 9 Green

10 Channel 11 Green L Channel 10 Green
11 Channel 12 Green M Channel 11 Green
12 Channel 13 Green N Channel 12 Green
13 Channel 14 Green P Channel 13 Green
14 Channel 15 Green R Channel 14 Green
15 Channel 16 Green S Channel 15 Green
16 N/C T PC AJAR
17 Channel 1 Yellow U Channel 9 Yellow
18 Channel 2 Yellow V Channel 10 Yellow
19 Channel 3 Yellow W Channel 11 Yellow
20 Channel 4 Yellow X Channel 12 Yellow
21 Channel 5 Yellow Y Channel 13 Yellow
22 Channel 6 Yellow Z Channel 14 Yellow
23 Channel 7 Yellow AA Channel 15 Yellow
24 Channel 8 Yellow BB Channel 16 Yellow
-- --
25 Channel 17 Green CC Channel 17 Yellow
26 Channel 18 Green DD Channel 18 Yellow
27 Channel 16 Green EE PC AJAR (Program Card)
28 Yellow Inhibit Common FF Channel 17 Green

                --  Slotted for keying between Pins 24/BB and 25/CC
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4.3. MATERIALS – TYPE 170 DETECTOR SENSOR UNITS
Furnish detector sensor units that comply with Chapter 5 Section 1, “General Requirements,”

and Chapter 5 Section 2, “Model 222 & 224 Loop Detector Sensor Unit Requirements,” of the
CALTRANS “Transportation Electrical Equipment Specifications” dated March 12, 2009 with
Erratum 1.

4.4. MATERIALS – TYPE 2070LX CONTROLLERS
Furnish model 2070LX controller units that conform to CALTRANS Transportation Electrical

Equipment Specifications (TEES) (dated March 12, 2009, plus Errata 1 dated January 21, 2010 and
Errata 2 dated December 5, 2014) except as required herein.

The Department will provide software at the beginning of the burning-in period. Contractor shall
give 5 working days notice before needing software. Program software provided by the Department.

Provide model 2070LX controllers with Linux kernel 2.6.18 or higher and device drivers,
composed of the unit chassis and at a minimum the following modules and assemblies:

· MODEL 2070-1C, CPU Module, Single Board, with 8Mb Datakey (blue in color)
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· MODEL 2070-2E+, Field I/O Module (FI/O)
· Note: Configure the Field I/O Module to disable both the External WDT

Shunt/Toggle Switch and SP3 (SP3 active indicator is “off”)
· MODEL 2070-3B, Front Panel Module (FP), Display B (8x40)
· MODEL 2070-4A, Power Supply Module, 10 AMP

Provide a Board Support Package (BSP) to the state and to any specified applications software
manufacturer when requested by the state to facilitate the porting of application software.

5. PUSH BUTTON INTEGRATED ACCESSIBLE PEDESTRIAN SIGNAL (APS)

5.1. DESCRIPTION
Furnish and install push button integrated accessible pedestrian signals that include pedestrian

push button, push button locator tone, raised tactile arrow, audio and vibro-tactile walk indications,
automatic volume adjustment, pedestrian information sign, and all necessary hardware.  Furnish the
R10-3e with appropriate arrow direction for the pedestrian information sign.
5.2. MATERIALS

Furnish material, equipment, and hardware under this section that is pre-approved on the ITS and
Signals QPL.

Provide the accessible pedestrian signals with a 2-inch diameter pedestrian push button that
contains a tactile arrow whose direction can be easily adjusted in the field.  Ensure each push button
actuates a sturdy, momentary, normally-open switch with a minimum rating of 20 million actuations.
Include on the button, a raised tactile arrow having a high visual contrast with the remainder of the
button face.  Ensure the housing is weather-tight and fabricated from aluminum.  Ensure the housing
is suitable for mounting on wood and metal poles.  Paint surfaces of the pedestrian push button
housing in highway yellow, unless otherwise specified, with an electrostatically-applied, fused-
polyester paint method.  Ensure the thickness of the paint is a minimum of 2.5 mils.  Provide the
pedestrian information sign that is integral to the housing.

Ensure the accessible pedestrian signals can provide tones, sounds, and speech messages that are
synchronized at an intersection.  Provide a means for adjusting the base sound level for the tones,
sounds, and speech messages.  Ensure the tones, sounds, and speech messages will adjust
automatically to the ambient noise level up to a maximum of 100 dBA.  Provide the custom speech
messages in both English and Spanish languages.  Ensure you can program the accessible pedestrian
signal by a means not readily accessible by unauthorized persons.

Ensure each push button provides a standard locator tone that is deactivated when the traffic
signal is operating in the flash mode.  Provide a user-programmable audible beaconing feature that is
initiated by an extended push button press of one second or more.  Ensure the audible beaconing
feature increases the volume of the push button locator tone during the pedestrian change interval of
the called pedestrian phase and operates in one of the following ways:

A. The louder audible walk indication and louder locator tone comes from the far end of the
crosswalk, as pedestrians cross the street,

B. The louder locator tone comes from both ends of the crosswalk, or
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C. The louder locator tone comes from an additional speaker that is aimed at the center of the
crosswalk and that is mounted on a pedestrian signal head.

Provide confirmation of the push button activation by an LED pilot light.  Ensure the pilot light
remains illuminated until the pedestrian’s green or WALKING PERSON (symbolizing WALK)
signal indication is displayed.  Ensure each press of the pushbutton initiates a “wait” speech message
during all intervals except the Walk interval.

Ensure you can select a percussive tone and custom speech message to sound during the “Walk”
interval.  Provide a push button that vibrates during the “Walk” interval.  Ensure the “Walk”
indications have the same duration as the illuminated pedestrian signals except when the signal is
programmed to rest in the walk interval.  When the pedestrian signal is programmed to rest in walk,
ensure the “Walk” indication is limited to the first 7 seconds of the walk interval. The “Walk”
indication shall be recalled by a button press during the walk interval provided that the crossing time
remaining is greater than the pedestrian change interval.  Ensure the “Walk” indications are
deactivated when the traffic control signal is operating in a flashing mode.  When audible “Walk”
indications are selected as a percussive tone, ensure the tone repeats at 8 to 10 ticks per second and
consists of multiple frequencies with a dominant component at 880 Hz.

Ensure the accessible pedestrian signals are weatherproof and suitable for operation in wet
locations.  Ensure proper operation over a temperature range of -30ºF (-34ºC) to 165ºF (+74ºC).
Ensure all circuit boards have a moisture resistant coating.  Ensure the equipment interfaces and
operates properly in a Type-170E cabinet.

5.3. CONSTRUCTION METHODS
Comply with the requirements of Section 1705 of the Standard Specifications. Install in

accordance with the manufacturer’s recommendations.
Mount push button integrated accessible pedestrian signals in a tamperproof manner on wood and

metal poles, signal pedestals, or pushbutton posts as indicated in the signal plans.
Install each pushbutton so that the tactile arrow is pointed in the direction of travel and is aligned

parallel to the direction of travel on the associated crosswalk.
Ensure pushbuttons are separated by a distance of at least 10 feet such that they clearly indicate

which crosswalk has the WALK indication.  Where there are constraints on a particular corner that
make it impractical to provide the 10 feet of separation between the two pushbuttons, the pushbuttons
may be placed closer together or on the same pole, with approval by the Engineer.  If two pushbuttons
are placed on the same pole or with less than 10 feet separation, provide a speech walk message for
the WALK indication and a speech pushbutton information message.

Adjust the intensity of the pushbutton locator tones so they are audible 6 feet to 12 feet from the
pushbutton, or to the building line, whichever is less.  Ensure the pushbutton locator tones are no more
than 5 dBA louder than ambient sound.  Configure audible “Walk” indication to be audible at the
nearest end of the associated crosswalk.

If speech messages are used, have each recorded custom speech message approved by the Engineer
in advance.
5.4. MEASUREMENT AND PAYMENT

Actual number of push button integrated accessible pedestrian signal detector stations furnished,
installed, and accepted.
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Actual number of central control units for APS detector stations furnished, installed, and accepted.
Actual number of push button posts furnished, installed, and accepted.
No measurement will be made of cables or hardware, as these will be considered incidental to

furnishing and installing push button integrated accessible pedestrian signals.

Payment will be made under:
APS Detector Stations ..................................................................................................... Each
Central Control Units For APS Detector Stations ............................................................ Each
Push button Posts ............................................................................................................ Each

6. VIDEO IMAGING LOOP EMULATOR DETECTOR SYSTEMS
6.1. DESCRIPTION
Design, furnish, provide training, and install video imaging loop emulator detection systems with

all necessary hardware in accordance with the plans and specifications.
Unless otherwise specified in the contract, all loop emulator detection equipment will remain the

property of the contractor.

6.2. MATERIALS
A. General:

Material and equipment furnished under this section must be pre-approved on the Department’s
QPL by the date of installation except miscellaneous hardware such as cables and mounting
hardware do not need to be pre-approved.

Used equipment will be acceptable provided the following conditions have been met:

· Equipment is listed on the current QPL.

· Equipment is in good working condition.

· Equipment is to remain the property of the contractor.
Ensure that software is licensed for use by the Department and by any other agency responsible

for maintaining or operating the loop emulation system. Provide the Department with a license to
duplicate and distribute the software as necessary for design and maintenance support.

Design and furnish video imaging loop emulator detection systems that detect vehicles at
signalized intersections by processing video images and providing detection outputs to the signal
controller in real time (within 112 milliseconds of vehicle arrival).

Furnish all required camera sensor units, loop emulator processor units, hardware and software
packages, cabling, poles, mast arms, harnesses, camera mounting assemblies, surge protection
panels, grounding systems, messenger cable and all necessary hardware. Furnish systems that allow
the display of detection zones superimposed on an image of the roadway on a Department-furnished
monitor or laptop computer screen. Ensure detection zones can be defined and data entered using a
simple keyboard or mouse and monitor, or using a laptop PC with software.
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Provide design drawings showing design details and camera sensor unit locations for review and
acceptance before installation. Provide mounting height and location requirements for camera sensor
units on the design based on site survey. Design video imaging loop emulator detection systems with
all necessary hardware. Indicate all necessary poles, spans, mast arms, luminaire arms, cables,
camera mounting assemblies and hardware to achieve the required detection zones where
Department owned poles are not adequate to locate the camera sensor units. Do not design for the
installation of poles in medians.

Obtain the Engineer’s approval before furnishing video imaging loop emulator detection
systems. The contractor is responsible for the final design of video imaging loop emulator detection
systems. Review and acceptance of the designs by the Department does not relieve the contractor
from the responsibility to provide fully functional systems and to ensure that the required detection
zones can be provided.

Provide the ability to program each detection call (input to the controller) with the following
functions:

· Full Time Delay – Delay timer is active continuously,

· Normal Delay – Delay timer is inhibited when assigned phase is green (except when used
with TS 2 and 170/2070L controllers),

· Extend – Call is extended for this amount of time after vehicle leaves detection area,

· Delay Call/Extend Call – This feature uses a combination of full time delay and extend time
on the same detection call. Ensure operation is as follows: Vehicle calls are received after the
delay timer times out. When a call is detected, it is held until the detection area is empty and
the programmed extend time expires. If another vehicle enters the detection area before the
extend timer times out, the call is held and the extend time is reset. When the extend timer
times out, the delay timer has to expire before another vehicle call can be received.

Provide the ability to program each detection zone as one of the following functions:

· Presence detector,

· Directional presence detector,

· Pulse detector,

· Directional pulse detector.

Ensure previously defined detector zones and configurations can be edited.
Provide each individual system with all the necessary equipment to focus and zoom the camera

lenses without the need to enter the camera enclosure.
Provide systems that allow for the placement of at least 8 detection zones within the combined

field of view of a single camera sensor unit. Provide a minimum of 8 detection outputs per camera.
Provide detection zones that can be overlapped. Ensure systems reliably detect vehicles when the

horizontal distance from the camera sensor unit to the detection zone area is less than ten times the
mounting height of the sensor. Ensure systems detect vehicles in multiple travel lanes.

Ensure systems can detect vehicle presence within a 98 to 102 percent accuracy (up to 2 percent
of the vehicles missed and up to 2 percent of false detection) for clear, dry, daylight conditions, a 96
to 105 percent accuracy (up to 4 percent of the vehicles missed and up to 5 percent false detection)
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for dawn and dusk conditions, and a 96 percent accuracy (up to 4 percent of the vehicles missed) for
night and adverse conditions (fog, snow, rain, etc.) using standard sensor optics and in the absence of
occlusion.

Repair and replace all failed components within 72 hours.
The Department may conduct field-testing to ensure the accuracy of completed video imaging

loop emulator detection systems.

B. Loop Emulator System:
Furnish loop emulator systems that receive and simultaneously process information from camera

sensor units, and provides detector outputs to signal controllers.
Ensure systems provide the following:

· Operate in a typical roadside environment and meet the environmental specifications and are
fully compatible with NEMA TS 1, NEMA TS 2, or Type 170/2070L controllers and
cabinets,

· provide a “fail-safe” mode whereby failure of one or more of the camera sensor units or
power failure of the loop emulator system will cause constant calls to be placed on the
affected vehicle detection outputs to the signal controller,

· provide compensation for minor camera movement of up to 2 percent of the field of view at
400 feet without falsely detecting vehicles,

· process the video at a minimum rate of 30 times per second,

· provide separate wired connectors inside the controller cabinet for video recording each
camera,

· provide remote video monitoring with a minimum refresh rate at 1 frame per second over a
standard dial-up telephone line,

· provide remote video detection monitoring.

Furnish camera sensor units that comply with the following:

· have an output signal conforming to EIA RS-170 standard,

· have a nominal output impedance of 75 ohms,

· be immune to bright light sources, or have built in circuitry or protective devices to prevent
damage to the sensor when pointed directly at strong light sources,

· be housed in a light colored environmental enclosure that is water proof and dust tight, and
that conforms to NEMA-4 specifications or better,

· simultaneously monitor at least five travel lanes when placed at the proper mounting location
with a zoom lens,

· have a sunshield attached to the environmental enclosure to minimize solar heating,

· meet FCC class B requirements for electromagnetic interference emissions,

· have a heater attached to the viewing window of the environmental enclosure to prevent ice
and condensation in cold weather.
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Where coaxial video cables and other cables are required between the camera sensor and other
components located in the controller cabinet, furnish surge protection in the controller cabinet.

If furnishing coaxial communications cable comply with the following, as recommended by the
approved loop emulator manufacturer:

· Number 20 AWG, solid bare copper conductor terminated with crimped-on BNC connectors
(do not use BNC adapters) from the camera sensor to the signal controller cabinet.

· Number 22 AWG, stranded bare copper conductor terminated with crimped-on BNC
connectors (do not use BNC adapters) from the camera sensor unit to the junction box, and
within the signal controller cabinet.

Furnish power cable appropriately sized to meet the power requirements of the sensors. At a
minimum, provide three conductor 120 VAC field power cable.

As determined during the site survey, furnish sensor junction boxes with nominal 6 x 10 x 6
inches dimensions at each sensor location. Provide terminal blocks and tie points for coaxial cable.

C. Video Imaging Loop Emulator System Support:
Furnish video imaging loop emulator systems with either a simple keyboard or a mouse with

monitor and appropriate software, or with system software for use on department-owned laptop PCs.
Ensure the system is Windows 2000 and Windows XP compatible.

Provide Windows 2000 and Windows XP compatible personal computer software, if needed, to
provide remote video and video detection monitoring.

Ensure systems allow the user to edit previously defined detector configurations. When a vehicle
is within a detection zone, provide for a change in color or intensity of the detection zone perimeter
or other appropriate display changes on the Department-furnished monitor or laptop computer
screen.

Provide cabling and interconnection hardware with 6-foot minimum length interconnection cable
to interface with the system.

Provide all associated equipment manuals and documentation.
6.3. CONSTRUCTION METHODS
Arrange and conduct site surveys with the system manufacturer’s representative and Department

personnel to determine proper camera sensor unit selection and placement. Provide the Department
at least 3 working days notice before conducting site surveys. Upon completion of the site surveys
the Department will provide revised plans reflecting the findings of the site survey.

Before beginning work at locations requiring video imaging loop emulator detection systems,
furnish system software. Upon activation of detection zones, provide detector configuration files.
Ensure that up-to-date detection configuration files are furnished for various detection zone
configurations that may be required for construction phasing.

Place into operation loop emulator detection systems. Configure loop emulator detection systems
to achieve required detection in designated zones. Have a certified manufacturer’s representative on
site to supervise and assist with installation, set up, and testing of the system.
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Install the necessary processing and communications equipment in the signal controller cabinet.
Make all necessary modifications to install equipment, cabling harnesses, and camera sensor
interface panels with surge suppression.

Perform modifications to camera sensor unit gain, sensitivity, and iris limits necessary to
complete the installation.

Do not install camera sensor units on signal poles unless approved by the Engineer.
Install the necessary cables from each sensor to the signal controller cabinet along signal cabling

routes. Install surge protection and terminate all cable conductors.
Relocate camera sensor units and reconfigure detection zones as necessary according to the plans

for construction phases.
Provide at least 8 hours of training on the set up, operation, troubleshooting, and maintenance of

the loop emulator detection system to a maximum of ten Department personnel. Arrange for training
to be conducted by the manufacturer’s representative at an approved site within the Division
responsible for administration of the project. Thirty days before conducting training submit a
detailed course curriculum, draft manuals and materials, and resumes. Obtain approval of the
submittal before conducting the training. At least one week before beginning training, provide three
sets of complete documentation necessary to maintain and operate the system. Do not perform
training until installation of loop emulator detection systems is complete.

6.4. MEASUREMENT AND PAYMENT
Actual number of site surveys, arranged, conducted, and accepted.

Actual number of luminaire arms for video systems furnished, installed, and accepted.
Actual number of cameras with internal loop emulator processing units furnished, installed, and

accepted.
Actual number of cameras without internal loop emulator processing units furnished, installed,

and accepted.
Actual number of external loop emulator processing units furnished, installed, and accepted.
Actual number of camera sensor units relocated with detection zones reconfigured installed, and

accepted.
No measurement will be made of video imaging loop emulator system support or training, power

and video cables, and trenching as these items will be considered incidental to furnishing and
installing video imaging loop emulator detection systems.

Payment will be made under:
Site Survey ............................................................................................................................ Each
Luminaire Arm for Video System ......................................................................................... Each
Camera with Internal Loop Emulator Processing Unit ........................................................... Each
Camera without Internal Loop Emulator Processing Unit ...................................................... Each
External Loop Emulator Processing Unit ............................................................................... Each
Relocate Camera Sensor Unit ................................................................................................ Each
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7. ETHERNET EDGE SWITCH
Furnish and install a managed Ethernet edge switch as specified below that is fully compatible,

interoperable, and completely interchangeable and functional within the existing City or Division
traffic signal system communications network.

7.1. DESCRIPTION
A. Ethernet Edge Switch:

Furnish and install a hardened, field Ethernet edge switch (hereafter “edge switch”) for traffic
signal controllers as specified below.  Ensure that the edge switch provides wire-speed, fast Ethernet
connectivity at transmission rates of 1000 megabits per second from each remote ITS device location
to the routing switches.

Contact the City or Division to arrange for the programming of the new Field Ethernet Switches
with the necessary network configuration data, including but not limited to, the Project IP Address,
Default Gateway, Subnet Mask and VLAN ID information.  Provide a minimum five (5) days
working notice to allow the City or Division to program the new devices.

B. Network Management:
Ensure that the edge switch is fully compatible with the City’s or Division’s existing Network

Management Software.

7.2. MATERIALS
A. General:

Ensure that the edge switch is fully compatible and interoperable with the trunk Ethernet network
interface and that the edge switch supports half and full duplex Ethernet communications.

Furnish an edge switch that provide 99.999% error-free operation, and that complies with the
Electronic Industries Alliance (EIA) Ethernet data communication requirements using single-mode
fiber-optic transmission medium and copper transmission medium. Ensure that the edge switch has a
minimum mean time between failures (MTBF) of 10 years, or 87,600 hours, as calculated using the
Bellcore/Telcordia SR-332 standard for reliability prediction.

B. Compatibility Acceptance
The Engineer has the authority to require the Contractor to submit a sample Field Ethernet

Switch and Field Ethernet Transceiver along with all supporting documentation, software and testing
procedures to allow a compatibility acceptance test be performed prior to approving the proposed
Field Ethernet Switch and Field Ethernet Transceiver for deployment.  The Compatibility
Acceptance testing will ensure that the proposed device is 100% compatible and interoperable
with the existing City Signal System network, monitoring software and Traffic Operations
Center network hardware.  Allow fifteen (15) working days for the Compatibility Acceptance
Testing to be performed

C. Standards:
Ensure that the edge switch complies with all applicable IEEE networking standards for Ethernet

communications, including but not limited to:
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· IEEE 802.1D standard for media access control (MAC) bridges used with the Spanning
Tree Protocol (STP);

· IEEE 802.1Q standard for port-based virtual local area networks (VLANs);
· IEEE 802.1P standard for Quality of Service (QoS);
· IEEE 802.1w standard for MAC bridges used with the Rapid Spanning Tree Protocol

(RSTP);
· IEEE 802.1s standard for MAC bridges used with the Multiple Spanning Tree Protocol;
· IEEE 802.1x standard for port based network access control, including RADIUS;
· IEEE 802.3 standard for local area network (LAN) and metropolitan area network

(MAN) access and physical layer specifications;
· IEEE 802.3u supplement standard regarding 100 Base TX/100 Base FX;
· IEEE 802.3x standard regarding flow control with full duplex operation; and
· IFC 2236 regarding IGMP v2 compliance.

· IEEE 802.1AB Link Layer Discovery Protocol (LLDP)

· IEEE 802.3ad Ethernet Link Aggregation

· IEEE 802.3i for 10BASE-T (10 Mbit/s over Fiber-Optic)

· IEEE 802.3ab for 1000BASE-T (1Gbit/s over Ethernet)

· IEEE 802.3z for 1000BASE-X (1 Gbit/s Ethernet over Fiber-Optic)

D. Functional:
Ensure that the edge switch supports all Layer 2 management features and certain Layer 3

features related to multicast data transmission and routing. These features shall include, but not be
limited to:

· An STP healing/convergence rate that meets or exceeds specifications published in the
IEEE 802.1D standard.

· An RSTP healing/convergence rate that meets or exceeds specifications published in the
IEEE 802.1w standard.

· An Ethernet edge switch that is a port-based VLAN and supports VLAN tagging that
meets or exceeds specifications as published in the IEEE 802.1Q standard, and has a
minimum 4-kilobit VLAN address table (254 simultaneous).

· A forwarding/filtering rate that is a minimum of 14,880 packets per second for 10
megabits per second and 148,800 packets per second for 100 megabits per second.

· A minimum 4-kilobit MAC address table.
· Support of Traffic Class Expediting and Dynamic Multicast Filtering.
· Support of, at a minimum, snooping of Version 2 & 3 of the Internet Group Management

Protocol (IGMP).
· Support of remote and local setup and management via telnet or secure Web-based GUI

and command line interfaces.
· Support of the Simple Network Management Protocol version 3 (SNMPv3).  Verify that

the Ethernet edge switch can be accessed using the resident EIA-232 management port, a
telecommunication network, or the Trivial File Transfer Protocol (TFTP).
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· Port security through controlling access by the users. Ensure that the Ethernet edge
switch has the capability to generate an alarm and shut down ports when an unauthorized
user accesses the network.

· Support of remote monitoring (RMON-1 & RMON-2) of the Ethernet agent.
· Support of the TFTP and SNTP. Ensure that the Ethernet edge switch supports port

mirroring for troubleshooting purposes when combined with a network analyzer.

E. Physical Features:
Ports: Provide 10/100/1000 Mbps auto-negotiating ports (RJ-45) copper Fast Ethernet ports for

all edge switches.  Provide auto-negotiation circuitry that will automatically negotiate the highest
possible data rate and duplex operation possible with attached devices supporting the IEEE 802.3
Clause 28 auto-negotiation standard.

Optical Ports: Ensure that all fiber-optic link ports operate at 1310 or 1550 nanometers in single
mode. Provide Type LC connectors for the optical ports, as specified in the Plans or by the Engineer.
Do not use mechanical transfer registered jack (MTRJ) type connectors.

Provide an edge switch having a minimum of two optical 100/1000 Base X ports capable of
transmitting data at 100/1000 megabits per second. Ensure that each optical port consists of a pair of
fibers; one fiber will transmit (TX) data and one fiber will receive (RX) data. Ensure that the optical
ports have an optical power budget of at least 15 dB.

Copper Ports: Provide an edge switch that includes a minimum of four copper ports. Provide
Type RJ-45 copper ports and that auto-negotiate speed (i.e., 10/100/1000 Base) and duplex (i.e., full
or half).  Ensure that all 10/100/1000 Base TX ports meet the specifications detailed in this section
and are compliant with the IEEE 802.3 standard pinouts.  Ensure that all Category 5E unshielded
twisted pair/shielded twisted pair network cables are compliant with the EIA/TIA-568-B standard.

Port Security: Ensure that the edge switch supports/complies with the following (remotely)
minimum requirements:

· Ability to configure static MAC addresses access;
· Ability to disable automatic address learning per ports; know hereafter as Secure Port.

Secure Ports only forward; and
· Trap and alarm upon any unauthorized MAC address and shutdown for programmable

duration. Port shutdown requires administrator to manually reset the port before
communications are allowed.

F. Management Capabilities:
Ensure that the edge switch supports all Layer 2 management features and certain Layer 3

features related to multicast data transmission and routing. These features shall include, but not be
limited to:

· An STP healing/convergence rate that meets or exceeds specifications published in the
IEEE 802.1 D standards;

· An RSTP healing/convergence rate that meets or exceeds specifications published in the
IEEE 802.1w standard;

· An Ethernet edge switch that is a port-based VLAN and supports VLAN tagging that
meets or exceeds specifications as published in the IEEE 802.1Q standard, and has a
minimum 4-kilobit VLAN address table (254 simultaneous);
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· A forwarding/filtering rate that is a minimum of 14,880 packets per second for 10
megabits per second, 148,800 packets per second for 100 megabits per second and
1,488,000 packets per second for 1000 megabits per second;

· A minimum 4-kilobit MAC address table;
· Support of Traffic Class Expediting and Dynamic Multicast Filtering.
· Support of, at a minimum, snooping of Version 2 & 3 of the Internet Group Management

Protocol (IGMP);
· Support of remote and local setup and management via telnet or secure Web-based GUI

and command line interfaces; and
· Support of the Simple Network Management Protocol (SNMP). Verify that the Ethernet

edge switch can be accessed using the resident EIA-232 management port, a
telecommunication network, or the Trivial File Transfer Protocol (TFTP).

Network Capabilities: Provide an edge switch that supports/complies with the following
minimum requirements:

· Provide full implementation of IGMPv2 snooping (RFC 2236);
· Provide full implementation of SNMPv1, SNMPv2c, and/or SNMPv3;
· Provide support for the following RMON–I groups, at a minimum:

- Part 1: Statistics - Part 3: Alarm
- Part 2: History - Part 9: Event

· Provide support for the following RMON–2 groups, at a minimum:

- Part 13: Address Map - Part 17:Layer Matrix
- Part 16: Layer Host - Part 18:User History

· Capable of mirroring any port to any other port within the switch;
· Meet the IEEE 802.1Q (VLAN) standard per port for up to four VLANs;
· Meet the IEEE 802.3ad (Port Trunking) standard for a minimum of two groups of four

ports;
· Password manageable;
· Telnet/CLI;
· HTTP (Embedded Web Server) with Secure Sockets Layer (SSL); and
· Full implementation of RFC 783 (TFTP) to allow remote firmware upgrades.

Network Security: Provide an edge switch that supports/complies with the following (remotely)
minimum network security requirements:

o Multi-level user passwords;
o RADIUS centralized password management (IEEE 802.1X);
o SNMPv3 encrypted authentication and access security;
o Port security through controlling access by the users: ensure that the Ethernet edge switch

has the capability to generate an alarm and shut down ports when an unauthorized user
accesses the network;

o Support of remote monitoring (RMON-1&2) of the Ethernet agent; and
o Support of the TFTP and SNTP. Ensure that the Ethernet edge switch supports port

mirroring for troubleshooting purposes when combined with a network analyzer.
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G. Electrical Specifications:
Ensure that the edge switch operates and power is supplied with 115 volts of alternating current

(VAC). Ensure that the edge switch has a minimum operating input of 110 VAC and a maximum
operating input of 130 VAC. Ensure that if the device requires operating voltages other than 120
VAC, supply the required voltage converter. Ensure that the maximum power consumption does not
exceed 50 watts. Ensure that the edge switch has diagnostic light emitting diodes (LEDs), including
link, TX, RX, speed (for Category 5E ports only), and power LEDs.

H. Environmental Specifications:
Ensure that the edge switch performs all of the required functions during and after being

subjected to an ambient operating temperature range of -30 degrees to 165 degrees Fahrenheit as
defined in the environmental requirements section of the NEMA TS 2 standard, with a
noncondensing humidity of 0 to 95%.

Provide certification that the device has successfully completed environmental testing as defined
in the environmental requirements section of the NEMA TS 2 standard. Provide certification that the
device meets the vibration and shock resistance requirements of Sections 2.1.9 and 2.1.10,
respectively, of the NEMA TS 2 standard. Ensure that the edge switch is protected from rain, dust,
corrosive elements, and typical conditions found in a roadside environment.

The edge switch shall meet or exceed the following environmental standards:

· IEEE 1613 (electric utility substations)
· IEC 61850-3 (electric utility substations)
· IEEE 61800-3 (variable speed drive systems)
· IEC 61000-6-2 (generic industrial)

· EMF – FCC Part 15 CISPR (EN5502) Class A

I. Ethernet Patch Cable:
Furnish a factory pre-terminated/pre-connectorized Ethernet patch cable with each edge switch.

Furnish Ethernet patch cables meeting the following physical requirements:

· Five (5)-foot length
· Category 5e or better
· Factory-installed RJ-45 connectors on both ends
· Molded anti-snag hoods over connectors
· Gold plated connectors

Furnish Fast Ethernet patch cords meeting the following minimum performance requirements:

· TIA/EIA-568-B-5, Additional Transmission Performance Specifications for 4-pair 100 Ω
Enhanced Category 5 Cabling

· Frequency Range: 1-100 MHz
· Near-End Crosstalk (NEXT): 30.1 dB
· Power-sum NEXT: 27.1 dB
· Attenuation to Crosstalk Ratio (ACR): 6.1 dB
· Power-sum ACR: 3.1 dB
· Return Loss: 10dB
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· Propagation Delay: 548 nsec

7.3. CONSTRUCTION METHODS
A. General:

Ensure that the edge switch is UL listed.
Verify that network/field/data patch cords meet all ANSI/EIA/TIA requirements for Category 5E

and Category 6 four-pair unshielded twisted pair cabling with stranded conductors and RJ45
connectors.

Contact the Signal Shop a minimum of 5 days prior to installation for the most current edge
switch IP Address, VLAN, subnet mask, default gateway and configuration files.

B. Edge Switch:
Mount the edge switch inside each field cabinet by securely fastening the edge switch to the

upper end of the right rear vertical rail of the equipment rack using manufacturer-recommended or
Engineer-approved attachment methods, attachment hardware and fasteners.

Ensure that the edge switch is mounted securely in the cabinet and is fully accessible by field
technicians without blocking access to other equipment.  Verify that fiber-optic jumpers consist of a
length of cable that has connectors on both ends, primarily used for interconnecting termination or
patching facilities and/or equipment.

7.4. MEASURMENT AND PAYMENT
Ethernet edge switch will be measured and paid as the actual number of Ethernet edge switches

furnished, installed, and accepted.
No separate measurement will be made for Ethernet patch cable, power cord, mounting

hardware, nuts, bolts, brackets, or edge switch programming as these will be considered incidental to
furnishing and installing the edge switch.

Payment will be made under:
Ethernet Edge Switch ...................................................................................................... Each
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